The need to develop sustainable alternative energy resources becomes an imperative as conventional energy sources are depleted. Ionic liquids (ILs) have acquired notoriety in several applications because of their interesting characteristics, such as favoring solubilization in organic substances, and presenting low surface tension and volatility. Aprotic ionic liquids (AILs) are used commonly as catalysts in biodiesel production. To achieve good results, considerable amounts of these compounds must be used in the reaction, which may affect the feasibility of the process due to its high cost. In this context, protic ionic liquids (PILs) may represent a less expensive alternative to traditional catalysts. When examining the surfactant activity of the ILs, one can observe that low concentrations can be applied to improve the yield of the reaction. Therefore, this study evaluates the use of diethylenetriammonium hexanoate ([DETA][Hx]), a protic ionic liquid, as a co-solvent in the alkaline transesterification of soybean oil. The research presented satisfactory results, indicating that the use of small amounts of co-solvents enhances biodiesel yield in 8.14%, reaching around 96% with only 3% (w/w) of [DETA][Hx] in 60 minutes of reaction, meeting the specifications of European (EN 14214), American (ASTM D6751), and Brazilian (ANP 45/2014) standards.
INTRODUCTION
The increase in global demand for fuel and energy associated with the indiscriminate use of its derivatives from non-renewable sources favors the emission of greenhouse gases that cause climate change and increase global warming. Biodiesel research has been intensified in recent years due to the great need for fuels allied with environmental issues and the continuous search for energy independence (Basha et al., 2009).
Biodiesel is a renewable fuel that has emerged as an alternative to replace diesel oil in compression ignition engines, and can be produced by different sources of triglycerides (ANP, 2018). Currently, the most used production process for obtaining high quality biodiesel is the transesterification of vegetable oils or animal fats, which consists in a reaction of triglycerides with short chain alcohol in the presence of a homogeneous or heterogeneous catalyst to obtain alkyl esters and glycerol as a by-product (Encinar et al., 2016).
Brazil is one of the world's leading producers of biodiesel. The Country uses primarily soybean oil as raw material, followed by bovine tallow, and waste cooking oil (ANP, 2018). The type of alcohol used in the process influences both the kinetics and the product yield. Typically, methanol is applied because of its physicochemical properties, low cost, moderate reaction conditions, and easy phase separation. Basic homogeneous catalysis provides softer reaction conditions, lower reaction time, and favors the achievement of high yields. However, basic catalysts must be used in its anhydrous form because the water contributes to saponification, which is an undesirable reaction, since the soap decreases biodiesel yield and inhibits the separation of alkyl esters and glycerol ( The surfactant characteristic of ionic liquids favors its use as co-solvent, since there is a strengthening in the mass transfer of immiscible liquids, thus, promoting the dissolution between alcohol and oil at low temperatures, better separation between product and by-product, greater reaction rate and possibility of recovery and reuse (Encinar et al., 2016) . It is believed that the ionic liquid containing hydrophobic regions has an association with the alkyl chains of the oil, as it provides energy to drive the biodiesel out of the phase with the co-solvent. Although the ionic liquid is present in small amounts in the reaction medium, it is possible to verify the selectivity increase and the reaction rate improvement Considering the lack of studies exploring the application of protic ionic liquid as co-solvent in the alkaline transesterification of soybean oil in biodiesel, this work has the objective of investigating if there is an improvement of biodiesel mass yield produced from the use of PIL [DETA] [Hx] as co-solvent.
MATERIALS AND METHODS
The materials used for biodiesel production in laboratory-scale were Soya® soybean oil, methanol (Synth, purity of 99.8%, CAS 67-56-1), and potassium hydroxide (Sigma-Aldrich, purity of 85%, CAS 1310-58-3). The protic ionic liquid used as cosolvent in this process was diethylenetriammonium hexanoate ([DETA] [Hx]). To synthesize it, we used diethylenetriamine (Sigma-Aldrich, purity of 99%, CAS 111-40-0) and hexanoic acid (Merck, purity of 98%, CAS 142-62-1) as compounds.
Soybean oil and biodiesel characterization
Tests of acid value, humidity, kinematic viscosity at 40 °C, and specific gravity at 20 °C were carried out to promote the physicochemical characterization of soybean oil. Acid value and humidity are fundamental parameters to ensure the quality and the good state of conservation of vegetable oils. The acid value was determined by volumetric titration, based on ABNT NBR 11115 (2014) standard. The humidity was analyzed using the gravimetric method, following ANVISA's (2008) procedure. All experiments were performed in triplicate.
Specific gravity and kinematic viscosity analyses were carried out for oil and biodiesel using a SVM 3000 Viscometer, based on ASTM D4052 (2016) and ASTM D445 (2017) methods, respectively. To examine the structure of soybean oil and biodiesel produced, the infrared spectroscopy (FTIR) technique was used by infrared spectrophotometer with IRPrestige-21 Shimadzu Fourier Transform, with infrared spectrum in the region of 4000 to 400 cm -1 analyzed on KBr pellets.
For biodiesel, it was performed a visual inspection to verify if the samples were clear and free of impurities. Flashpoint analysis by Petrotest PM4 equipment were also carried out based on the ASTM D93 (2016). 
Synthesis and characterization of [DETA][Hx]
Ionic liquids are synthesized by an acid-base neutralization reaction, resulting in a liquid salt of the base used (Olivier-Bourbigou et al., 2010). To synthesize [DETA] [Hx], 1 mol of the diethylenetriamine base and 3 mol of hexanoic acid were used to guarantee a complete reaction. In this system, aliquots of hexanoic acid were dripped slowly to diethylenetriamine under constant stirring at 300 rpm. Throughout the reaction it is important to maintain adequate temperature control around 40 °C, since this reaction is exothermic (Pinto et al., 2015) . Ionic liquids formed from ammonium salts tend to be strongly hygroscopic and may contain a considerable amount of water, which may be the impurity generated during the reaction or absorbed from the environment (Santos et al., 2016) . Figure 1  illustrates 
Experimental procedures to produce biodiesel
To promote transesterification reactions on bench scale, it was used a condenser coupled to a thermostatic bath. First, 100 g of soybean oil were placed in a flat bottom flask. Separately, the mixture to be added to the oil was prepared.
[DETA][Hx] was weighed at 1, 2, and 3% (w/w) related to the oil mass and 1.5% (w/w) KOH, these were added to 39.8 mL of methanol (molar ratio 9:1 MeOH/oil). The reaction was run in 60 minutes at 60 °C under constant stirring. At the end of the reaction, the product was transferred to a separatory funnel and set for 24 h. Glycerol was then separated from biodiesel, and four wash cycles were performed with distilled water at 80 °C to remove remaining alcohol, catalyst, ionic liquid, and glycerol. The biodiesel produced was placed in an oven at 105 °C for 3 h. Finally, the calculation of the mass yield was performed from Eq. (1)
RESULTS E DISCUSSION

Soybean oil characterization
In an alkaline transesterification reaction there are limitations on the use of raw materials containing high free fatty acids and water. It is necessary to ensure that the oil is suitable for being used in this process. Soybean oil was characterized by tests of acid value, humidity, kinematic viscosity at 40 °C, and specific gravity at 20 °C. Table 1 presents the results of the analysis performed, showing a compliance with data found in the literature, indicating that soybean oil met the quality standards. Oil humidity should be low to avoid triglycerides hydrolysis and free fatty acid formation, which are detrimental to the good performance of alkaline transesterification reaction of oil, since soap can be produced as a result of the free fatty acids and basic catalysts reaction Figure 2 illustrates the IR spectra of this ionic liquid.
Ionic liquid characterization
In ionic liquid based on ammonium neutralization, the spectrum must present the cation band, corresponding to the N-H structure of primary amines, which is present in the band around 3600-3200 cm -1 and is reproduced in the range of 1640-1550 cm Figure 3 shows that increasing the concentration of [DETA] [Hx] as co-solvent in the alkaline transesterification of soybean oil provided higher yields of biodiesel. According to Muhammad et al. (2014), the ionic liquid, due to moderate surface tension, favors greater solubility between oil and methanol phases, accelerating the reaction rate and improving the yield of biodiesel.
Analysis of biodiesel samples
In 60 minutes, a significant improvement in biodiesel yield was observed by increasing the amount of [DETA] [Hx] in the reaction medium, reaching a biodiesel yield increase of 8.16% when using 3% (w/w) of ionic liquid. Many co-solvents can be used to enhance miscibility among the reagents of the oil transesterification reaction in biodiesel. However, the improvement of biodiesel production may be limited due to co-solvents physical properties, operating conditions, and undesirable reactions (Thanh et al., 2013) . [DETA] [Hx] has a relatively low surface tension (24.3 mN/m) at 60 °C. This characteristic intensifies the mass transfer; therefore, it affects the interface area between reagents, enabling the solubility between the immiscible phases of oil and methanol. FTIR spectra of crude soybean oil and biodiesel were performed in the range of 4000 to 400 cm -1 with Fourier Transform Infrared. Figure 4 shows an equivalent pattern for the combined FTIR spectra of both compounds. This equivalency occurs due to the similarities between triglycerides and methyl ester in their functional groups. The variation in transmittance percentage and functional groups indicated the changes that occurred during the transesterification process.
According to Figure 4 , there were no significant peaks in the regions between 1800-2800 cm -1 for soybean oil and biodiesel spectra. Both spectra showed strong peaks between 2800-3000 cm To ensure product quality, some properties must be measured to comply with current specifications, meeting adequate biodiesel storage and commercialization standards. Table 2 indicates that the sample with 3% (w/w) of co-solvent with the highest yield (96.28%) was analyzed in terms of Table 2 shows that the biodiesel produced follows the standards specified by European, American, and Brazilian regulations, indicating that the production of biodiesel using [DETA] [Hx] as cosolvent was satisfactory in terms of the aforementioned properties.
CONCLUSIONS
The enhancement of PIL [DETA] [Hx] mass concentration as co-solvent in biodiesel production favored a significant increase in reaction yield, reaching 96.28% for a concentration of 3% (w/w) of co-solvent in 60 min of reaction. When compared to the yield of the sample without co-solvent, an increase of 8.16% is observed. Literature indicates that AILs are used frequently as catalysts in biodiesel production, but higher amounts of this compound are required in the reaction. In addition, AILs are costlier and more toxic than PILs. 
